Objective: This study was conducted to identify whether polymorphic variants of set domain-containing protein 8 (SET8) and tumor protein p53 (TP53) codon 72, either independently or jointly, might be associated with increased risk for cervical cancer. Methods: We genotyped SET8 and TP53 codon 72 polymorphisms of peripheral blood DNA from 114 cervical cancer patients and 200 controls using the polymerase chain reactionrestriction fragment length polymorphism (PCR-RFLP) and direct DNA sequencing. Results: The frequency of SET8 CC (odds ratios (OR) = 2.717, 95% CI=1.436-5.141) or TP53 GG (OR=2.168, 95% CI=1.149-4.089) genotype was associated with an increased risk of cervical cancer on comparison with the SET8 TT or TP53 CC genotypes, respectively. In additional, interaction between the SET8 and TP53 polymorphisms increased the risk of cervical cancer in a synergistic manner, with the OR being 9.913 (95% CI=2.028-48.459) for subjects carrying both SET8 CC and TP53 GG genotypes. Conclusion: These data suggest that there are significant associations between the miR-502-binding site SNP in the 3'-UTR of SET8 and the TP53 codon 72 polymorphism with cervical cancer in Chinese, and there is a gene-gene interaction.
Introduction
Cervical cancer is the second common gynecologic malignant tumor in the world, and it remains a leading cause of cancer-related death for women in developing countries (Akinyemiju, 2012; Ginsberg et al., 2012; Shuai et al., 2012; Gocze et al., 2013) . Risk factors for developing cervical cancer are infection by the human papilloma virus (HPV), sexual behavior, diet, and genetic factors (Sitakan et al., 2013) . Although the HPV infection is known to be a high-risk factor in cervical carcinogenesis, only a small proportion of such HPV-infected cases progress to cervical cancer. Thus, it indicates that genetic factors may be an important factor in the development of cervical cancer (Moore et al., 2012) . Understanding of genetic variant that are associated with cervical cancer will contribute to identification of fundamental mechanism behind its formation, development and possible therapeutic target.
Set domain-containing protein 8 (SET8, also known as PR-SET7) is located on chromosme 12q24.31. It is a histone H4-Lys-20-specific methyltransferase that plays a significant role in cell-cycle-dependent transcriptional silencing and mitotic regulation in metazoans (Beck et al., 2012) . Tumor protein p53 (TP53) gene is located on 17p13.1. The encoded TP53 protein responds to diverse cellular stresses to regulate expression of target genes, thereby inducing DNA repair, cell cycle arrest, and apoptosis (Kim et al., 2009) . As a methyltransferase, SET8 methylates TP53 at Lys-382, which may affect the function of TP53. The deletion of SET8 augments the proapoptotic and checkpoint activation functions of TP53 (Tardat et al., 2007) . Thus mutation in either SET8 or TP53 may lead to loss of homeostatic control during human carcinogenesis. Single-nucleotide polymorphisms (SNPs) are the most frequent type of variation in the human genome, researchers have found SNPs that may help predict individual susceptibility to various cancer and response to certain drugs (Giacomini et al., 2007; Nicoloso et al., 2010) . SNPs located in microRNA-binding site contribute to the disruption of microRNA-target interactions and regulate the expression of target gene. One of the 129 variants of the SET8 gene polymorphisms (rs16917496, TgC) is located within the miR-502-binding site in the 3'-UTR. In recent years, reports have showed that Shao-Di Yang et al the miR-502-binding site SNP in -the 3'-UTR of SET8 (rs16917496 C/T) was associated with the risk of breast cancer, hepatocellular carcinoma, epithelial ovarian cancer and so on (Song et al., 2009; Ding et al., 2012; Wang et al., 2012; Xu et al., 2013) . However, there is no evidence showed a correlation between the miR-502-binding site SNP in the 3'-UTR of SET8 (rs16917496 C/T) and cervical cancer. The TP53 codon 72 polymorphism produces variant with G/C, and the variant lead to an amino acid change in the protein product (ArggPro). Some reports have showed the association between the TP53 codon 72 polymorphism and cervical cancer risk, but the results are controversial (Storey et al., 1998; Bhattacharya et al., 2005; Setteetham-Ishida et al., 2005; Clotti et al., 2006; Govan et al., 2007; Elkhair et al., 2010; Roh et al., 2010; Habbous et al., 2012; Singhal et al., 2013) .
The present study is aimed at investigating the potential role of SET8 and TP53 interaction plays in the cell cycle control, DNA repair, cell apoptosis manner, and functional significant of variants, we conducted a casecontrol study to identify the relationship between SET8 or/and TP53 polymorphism (s), and cervical cancer risk among Chinese southern people.
Materials and Methods

Study subjects and samples
This study includes 114 newly diagnosed patients with cervical cancer and 200 cancers-free controls. Patients were recruited between January 2011 and June 2013 at The Central Hospital of Zhuzhou City (Zhuzhou, China). Final diagnoses of cases were confirmed by routine histopathological examination. The selection of criteria for the controls included no individual history of cancer and frequency, matched to case patients based on age. All subjects were unrelated ethnic Han Chinese. At recruitment, written informed consents about the study were obtained from all the patients and controls. Each participant was interviewed to collect information on demographic characteristics. The research protocol was approved by the Institutional Review Board of the hospital.
SET8 polymorphism
Polymorphism in SET8 was also determined by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) as previously described by Song et al (2009) . PCR conditions were consisted of an initial denaturation at 95℃ for 5 minutes, followed by 35 steps cycles of 95℃ for 45 seconds, 66℃ for 40 seconds, and 72℃ for 30 seconds, and a final extension step of 72℃ for 10 minutes. Ten microliters of PCR products were digested with SWAI restriction enzyme (New England Biolabs, Inc.) for overnight at 25℃. When SWAI restriction site (T allele) was present, the 308 base pairs (bp) fragment was digested into two small fragments (149 and 159 bp). The C allele was not cleaved by SWAI, having a single 308 bp band. The CT heterozygote contained three bands, corresponding to 149, 159 and 308 bp ( Figure 1A ).
TP53 codon 72 polymorphism
TP53 codon 72 genotypes were detected using PCR-RFLP technique as previously described by Jiang et al (2010) . The PCR profile consisted of an initial denaturation at 94℃ for 2 minutes, followed by 35 step cycles of 94℃for 30 seconds, 60℃ for 30 seconds, and 72℃ for seconds, and a final extension step of 72℃ for 10 minutes. Digestion was done in 20 microliters reaction volume using BstUI restriction enzyme (New England Biolabs, Inc.) for 2 hours at 60℃ according to the instructions of the manufacturer. The fragments were visualized in 2.5% agarose gel electrophoresis. C alleles produced a single band of 279 bp, which was caused by lack of BstUI restriction site; G alleles were digested to produce two bands of 119 and 160bp. Thus, the CG heterozygote produced three bands, corresponding to 119, 160, 279 bp ( Figure 1B) .
The genotypes within 10% of each sample group were confirmed by sequencing the PCR products using an automated sequencing system (ABI Applied Biosystems, Foster City, USA). To test the reliability of the assay, 50 randomly selected samples were re-tested with identical results. DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6505 SNPs in miR-502-Binding Site in SET8 and TP53 Codon 72 and Cervical Cancer in Chinese 
Statistical analysis
We used the χ 2 -test to evaluate the differences in age, cigarette smoking, alcohol consumption and family history between cases and controls. The association between the polymorphisms and cervical cancer risk were determined by odds ratios (ORs) and 95% confidence intervals (CIs) by unconditional logistic regression models. P-values less than 0.05 were considered statistically significant. The Statistical Package for the Social Sciences 13.0 (Statistical Product and Service Solutions Company, Chicago) was used for all statistical analyses.
Results
Characteristics of study subjects
The frequency distribution of selected characteristics of the cases and controls is presented in Table 1 . The frequency distribution between age, alcohol consumption and family history had no significant difference in cases and controls. However, the smokers' frequency among cases and controls was 17.5% and 6.5% (p=0.002), which indicated smoking was a high risk factor for cervical cancer.
Distribution of SET8 and TP53 polymorphisms
The allele and genotype frequencies of SET8 and TP53 polymorphisms are showed in Table 2 . The observed genotype frequencies of SET8 and TP53 polymorphisms in controls did not deviate significantly from those expected from the Hardy-Weinberg equilibrium. The frequencies of SET8 C allele, and TP53 G allele were 43.0%, and 62.3% among cases, and 28.7% and 51.5% among controls, respectively. The frequencies of the SET8 TT, CT, and CC genotypes in patients were significantly different from those in controls, with the CC genotype being more frequent among cases compared with controls (24.6% vs 13.0%; p<0.05). Similarly, The frequencies of the TP53 CC, CG, and GG genotypes in patients were significantly different from those in controls, with the GG variant being more frequent among cases compared with controls (42.1% vs 31.0%; p<0.05).
The association between SET8 and TP53 polymorphisms and cervical cancer risk
An unconditional logistic regression model was used to estimate the association between genotypes and the risk of cervical cancer in Table 2 . The SET8 CC genotype was associated with an increased risk for the development of cervical cancer (OR=2.717, 95% CI=1.436-5.141), compared with the TT genotype. Likewise, the TP53 GG genotype was also associated with an increased risk of developing cervical cancer (OR=2.168, 95%CI=1.149-4.089), compared with the CC genotype. However, the heterozygous genotypes for both polymorphisms (SET8 CT or TP53 CG) were not associated with the risk. We combined the SET8 TT and CT or TP53 CC and CG into one group for subsequent analysis. We examined whether there was a statistical joint effect between the SET8 and TP53 polymorphisms in Table 3 . The observation showed that patients carrying the SET8 CC genotype were more likely to carry the TP53 GG genotype than the controls (7.0% vs 1.0%, p<0.05). Moreover, the OR significantly increased to 9.913 (95% CI=2.028-48.459) among subjects carrying both SET8 CC and TP53 GG genotypes. These results clearly indicated a significant interaction between the SET8 CC and TP53 GG genotype on the increased risk of developing cervical cancer according to the statistical model. 
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Discussion
To our best knowledge, this is the first study demonstrating the effects of the association between the miR-502-binding site SNP (rs16917496) in the 3'-UTR of SET8 and the TP53 codon 72 polymorphisms and the risk of cervical cancer. In a cervical cancer case-control analysis, we found that both SET8 rs16917496 and TP53 codon 72 polymorphisms were associated with an increased risk for development of cervical cancer. Moreover, an increased multiplicative interaction between SET8 CC and TP53 codon 72 GG genotypes was also detected.
SET8 is a member of the SET domain-containing methyltransferase family especially targeting H4K20 for monomethylation and exerts diverse functions in transcription regulation (Congdon et al., 2010; Li et al., 2011) , cell-cycle progression (Jogensen et al., 2007; Abbas et al., 2010; Centore et al., 2010) and genome stability (Houston et al., 2008; Oda et al., 2009) . It has been reported that a SNP (rs16917496) in the miR-502-binding site modulates SET8 gene expression, and some researches have studied the relationship between the miR-502-binding site SNP of SET8 gene and the susceptibility of different tumors. The homozygote CC genotype of SET8 gene rs16917496 has been found to decrease the risk of epithelial ovarian cancer in Chinese patients . Ding et al (2012) found that the SET8 CC+CT genotype was independently associated with longer survival in small cell lung cancer patients by multivariate analysis. On the contrary, Song et al (2009) found that the CC genotype of SET8 gene rs16917496 is significantly increased the risk of the breast cancer in premenopausal women. However, there was no significant association between the SET8 CC and TT genotypes and postmenopausal women with breast cancer. Our study was consistent with Song et al (2009) that the SET8 CC genotype was associated with an increased risk for cervical cancer when compared with the SET8 TT genotype.
TP53 encodes a tumor suppressor protein, which plays multiple roles in apoptosis, cell-cycle control, and DNA repair (Hollstein et al., 2010) . One of the most well studied TP53 gene polymorphism is located at codon 72 in exon 4, leading to arginine-to-proline substitution. Mutations in TP53 codon 72 are associated with a variety of human cancers, including cervical cancer. Since Storey et al (1998) investigated the arginine-encoding allele represents a significant risk factor in the development of HPV-associated cancers, TP53 codon 72 has received considerable attention over the last few years, but with the inconsistent results. Singhal et al (2013) found that GG genotype in TP53 codon 72 was associated with a higher risk in cervical cancer. Clotti et al (2006) studied Italy women with cervical cancer, finding that GG homozygous genotypes are at increased risk for cervical cancer. Contrary to these findings, no significant association between TP53 codon 72 and cervical cancer was observed in South Africa, Moroccan, northeastern Thailand, and East Asian population (Setteetham-Ishida et al., 2005; Govan et al., 2007; Elkhair et al., 2010; Habbous et al., 2012) . Furthermore, Roh et al (2010) studied the TP53 codon 72 containing the C allele was significantly increased the risk of cervical adenocarcinoma in Korean women. In addition, Bhattacharya et al (2005) provided evidence that the CC genotype was a risk factor in cervical cancer among Indian women. Zhou et al (2012) demonstrated that the Pro/Pro (CC) genotype and Pro (C) carrier showed significant associations with increased the risk of cervical cancer among Indian population, but not among Chinese, Japanese and Korean populations by current meta-analysis. Our finding confirmed the initial result of Storey et al (1998) , as well as the data of those that detected a higher prevalence of homozygosity for GG genotype in patients with cervical cancer.
SET8 has a well-defined function in the TP53 pathway by monomethylating TP53 at K382. SET8 methylates TP53 and thus regulates cell proliferation and genome stability (Shi et al., 2007) . Deletion of SET8 augments the pro-apoptotic and checkpoint activation functions of TP53, and the expression of SET8 is down-regulated in DNA damage. Song et al (2009) reported a genotype dose-dependent pattern on the SET8 and TP53 codon 72 polymorphisms at the early age of breast cancer. It has been evaluated that the miR-502-binding site SNP (rs16917496) of the SET8 gene modulates SET8 expression, thus influencing its methylation of TP53 and contributing to the TP53 pathway-mediated breast cancer development. Our results also provided evidence that there is a gene-gene interaction between SET8 and TP53 polymorphsims in the risk of cervical cancer. However, a limitation of the present study is the small number of patients with each category of gene type, which may affect the estimates of ORs for genotypes. Further studies with large sample sizes are needed to confirm our finding. Furthermore, to better characterize the effect of gene on cervical cancer risk, it is necessary to incorporate other factors (HPV, sexual behavior et al) into the study.
In summary, our study showed a significant association between the polymorphism (rs16917496) of the miR-502-binding site in the 3'-UTR of SET8 or/and TP53 codon 72 polymorphism and the risk of developing cervical cancer. The association of SET8 and TP53 polymorphisms with the risk of cervical cancer displayed a multiplicative genegene interaction. Further studies are warranted to elucidate DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6505 SNPs in miR-502-Binding Site in SET8 and TP53 Codon 72 and Cervical Cancer in Chinese the role of genetic polymorphisms in microRNA-related genes in cervical carcinogenesis.
